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Abstract: During a 2-year study we examined arthropod 
communities (density and biomass) on longleaf pines 
(Pinus palustris) in eastern Texas during spring, 
summer, and winter on trees in 3 age classes: 40-50, 
60-70, and 130-1 50 years, as a potential food source for 
the red-cockaded woodpecker (Picoides borealis). We 
also examined arthropod density and biomass on the 
lower boles of 40-50 year-old longleaf pines in stands 
with and without a well-developed hardwood midstory. 
Pine age did not significantly affect total arthropod 
density on the lower boles of pines between the ages of 

40 and 150 years during any of the 3 seasons examined. 
Total arthropod biomass, however, was significantly 
higher in 60-70-year-old pines than in 40-50 and 
130-150-year-old pines during winter. During the 
breeding season, a period when adult red-cockaded 
woodpeckers are provisioning nestlings with food, total 
arthropod biomass increased steadily with pine age and 
was significantly higher in 130-150 year-old pines than 
in 40-50 year-old pines. During the post-breeding 
season, total arthropod biomass was unaffected by pine 
age. The presence or absence of hardwood midstory 
within 40-50 year-old pine stands had no significant 
effect on either total arthropod density or total arthropod 
biomass during any of the three seasons examined. 

Key words: Arthropods, biomass, longleaf pines, red- 
cockaded woodpecker. 

The red-cockaded woodpecker (Picoides borealis) is a 
keystone species within the southern pine ecosystem 
and is therefore crucial for the maintenance of biodiver- 
sity. It is the only species in North America that 
regularly makes cavities in living pines (Pinus spp.) 
(Ligon et al. 1986), and by doing so, provides cavities 
for many other cavity-using vertebrates and inverte- 
brates in an otherwise relatively cavity-barren 
environment (Baker 1971, Dennis 1971a, Harlow and 
Lennartz 1983, Jackson 1978c, Rudolph et al. 1990a, 
Conner et al. 1997~).  Provision of adequate foraging 
habitat is critical for the maintenance of viable popula- 
tions of endangered species. The endangered 
red-cockaded woodpecker forages almost exclusively 
on invertebrates inhabiting living pines (Ligon 1968, 
Wood 1977, Miller 1978, Skorupa 1979, Hooper and 
Lennartz 1981, Porter and Labisky 1986, Repasky and 
Doerr 1991), but also uses pines infested by bark beetles 
when they are available (Conner et al. 2001a). 

The red-cockaded woodpecker evolved in a 
fire-maintained pine ecosystem with an herbaceous 
groundcover and little hardwood midstory vegetation 
(Ligon, 1970, Jackson 1971, Hooper et al. 1980, Conner 
et al. 2001~). In the absence of natural fire or an 
effective prescribed burning regime, many areas of 
historic red-cockaded woodpecker habitat currently 
have a well-developed hardwood midstory. How 
hardwood midstory vegetation influences arthropod 
communities is largely unknown. Jackson (1979) spec- 
ulated that increasing tree species diversity, such as 
hardwood midstory, might increase the diversity of 
arthropods in a forest community. 



Few studies have attempted to quantify 
arthropod abundance and biomass in pine forests. 
Hooper (1996) examined winter arthropod biomass on 
boles, live limbs, and dead limbs on longleaf pine trees 
(Pinus palustris) of different age classes in the Francis 
Marion National Forest, South Carolina. He concluded 
that winter arthropod biomass on longleaf pines 
increased with tree age up to about 86 years of age and 
then declined. Hanula et al. (2000~)  examined 
arthropod communities associated with longleaf pines 
during four seasons of the year and noted that arthropod 
biomass increased with increasing tree age up to about 
65-70 years (see also Hanula and Horn 2004). They 
further suggest that arthropod biomass remains rela- 
tively constant as pines age beyond 70 years. Horn and 
Hanula (2002~) suggested that it was bark structure that 
was responsible for higher abundance and biomass of 
arthropods on longleaf pines than on loblolly pines 
(Pinus taeda). 

Hanula and Franzreb (1998) examined arthro- 
pods on the boles of 50-70-year-old longleaf pines, and 
found that a majority of the arthropods originated from 
the forest floor. Studies of pine bole arthropod commu- 
nities on loblolly and shortleaf pines in eastern Texas 
also indicated that arthropods on the boles of pines were 
coming primarily from the forest floor, and herbaceous 
layer vegetation composed primarily of grasses and 
forbs produced the greatest arthropod biomass on pine 
boles (Collins et al. 2002). 

Male red-cockaded woodpeckers favor the 
upper bole, branches, and higher regions of pines as 
foraging sites, whereas females forage more on the 
lower boles of pines (Ligon 1968, 1971, Ramey 1980, 
Skorupa 1979, Hooper and Lennartz 1981, Jackson and 
Schardien-Jackson 1986, Engstrom and Sanders 1997). 
The presence of hardwood and pine midstory appears to 
displace female red-cockaded woodpeckers into the 
foraging niche of the socially dominant male (Rudolph 
et al. 2002). 

Food supply has been shown to greatly 
influence reproductive success in other birds (Bryant 
1975, 1978, 1979; Nolan and Thompson 1975; Sealy 
1978; Quinney 1983; Blancher and Robertson 1987). 
Female red-cockaded woodpeckers appear to suffer 
weight loss from inadequate foraging habitat sooner 
than males (Jackson and Parris 1995). Thus, studies 
focusing on arthropod communities on the lower boles 
of pines, the region of the pine where female red- 
cockaded woodpeckers do most of their foraging, 
should be particularly valuable. 

Past research on arthropod communities has 
evaluated arthropods on pines up to 127 years of age for 
winter arthropods (Hooper 1996) and during other 
seasons for ages up to about 95 years (Hanula et al. 
2000~). We examined arthropod communities (density 
and biomass) on pines during spring, summer and 
winter on trees in three age classes: 40-50, 60-70, and 
130-150 years in age. We also examined arthropod 
density and biomass on the lower boles of 40-50-year- 
old longleaf pines in stands with and without a 
well-developed hardwood midstory. 

STUDY AREAAND METHODS 

We selected 10 pines in each of 4 longleaf pine stands 
in 1997 on the southern portion of the Angelina National 
Forest (31°15'N, 94'15'W) in eastern Texas. Of the 2 
youngest stands (40-50 years old), 1 had fairly dense 
hardwood foliage in both the understory and midstory, 
whereas the second stand had few hardwoods, and 
primarily grasses and forbs in the herbaceous layer 
(Table 1). The 2 additional stands were 60-70 years old 
and 130-150 years old, had little hardwood midstory, 
but had a well-developed herbaceous layer composed of 
grasses and forbs (Table 1). 

Vegetation Structure Sampling 

We measured vegetative characteristics in the 4 study 
areas because the vegetative structure within a pine 
stand might influence arthropod abundance on pine 
boles. We measured basal area of overstory pines, 
overstory hardwoods, midstory pines, and midstory 
hardwoods using a 1-factor metric basal area prism. We 
estimated foliage density at 0-1 m and 1-2 m in each 
cardinal direction from the base of each study tree using 
a foliage density board as described by MacArthur and 
MacArthur (1961). We used a hollow 4- x 12- cm tube 
as described by James and Shugart (1970) to determine 
groundcover percentage (monocot and dicot) and 
canopy closure percentage along 11.2-m transects 
extending from the base of each study tree in 4 cardinal 
directions. Each study tree was cored with an increment 
borer and the age determined in the lab. 

Arthropod sampling 

Arthropods were sampled on the pines for a 7-day 
period in January, May-June, and August during 1997 
and 1998 at 3 heights on the bole: 3, 6, and 9 m. These 
3 times of the year correspond to the red-cockaded 
woodpecker's winter, breeding season, and post- 



Table 1. Habitat characteristics (mean 5 SD) of 4 longleaf pine stands in which pine bole arthropod 
communities were examined on the Angelina National Forest, eastern Texas. 

Habitat Variablesa with Midstory without Midstory 60-70 y old 130-1 50 y old 
Foliage Density 0-1 m (k)' 0.23(0.09)A 0.16(0.10)~~~ 0.45 (0.13)~ 0.82 (0.33)b 
Foliage Density 1-2 m (k) 0.17 (0.06)" 0.07 (0.05)' 0.07 (0.05)' 0.30 (0.08)' 
Foliage Density 0-1 m (k) 0.13 (0.082" 0.03 (0.012' 0.03 (0.01)' 0.16 (0.07)~ 
Herbaceous Dicot Groundcover 13.8 (9.8) .' 11.5 (4.9) 26.9 (12.8)'.' 29.9 (15.3)' 

(%t 
~ b & c o t  Groundcover (%) 2.4 (2.3)" 10.9 (8.5)' 2.8 (2.8)A,B 6.6 (10.3)"~ 
Canopy Closure (%) 84.5 (7.7)" 61.6 (12.7~' 55.0 (7.1)' 53.5 (1 1 .6dB 
Stand Height (m) 23.0 (0.0)" 21.0 (0.0) 29.0 (0.0)' 26.8 (2.0) 
Overstory Pine Basal Area 10.7 (2.8)" 16.5 (2.7)' 21.5 (2.8)' 12.2 (2.1)" 

(m2/ha) 
Midstory Pine Basal Area (m2/ha) 3.4 (2.2)" 0.0 (0.0)' 0.0 (0.0)' 0.4 (0.7)' 
Overstory Hardwood Basal Area 1.5 (0.9)" 0.9 (0.9)"' 0.2 (0.3)~ 0.3 (0.5)' 

(m2/ha) 
Midstory Hardwood Basal Area 2.7 (2.1 )" 0.8 (0.8)' 0.1 (0.3)~ 0.0 (0.0)' 

(m2/ha) 
aANOVA followed by Tukey's Test. Common letters across rows indicate non-significant 
differences at an alpha level of 0.05. 
b ~ e e  MacArthur and MacArthur (1961) for horizontal measurements of foliage (k). 

breeding season, respectively. Thus, sampling was 
conducted during three seasons each year for 2 years on 
40 trees, yielding 720 trap samples (3 heights x 40 trees 
x 3 seasons x 2 years). 

Each arthropod trap was composed of a 5-cm- 
wide clear weatherproof tape with a 3- to 4-mm layer of 
Tangle Trap@ (an insect trap coating made by the Tangle 
Foot Company) on the surface. To prepare for arthropod 
sampling, we shaved the bark ridges on the surface of 
the bole at each collection site (3, 6, and 9 m above the 
ground) approximately 15 cm wide to prevent arthro- 
pods from traveling under the trap tape. The tape was 
placed around the circumference of the tree at the three 
desired heights. After 7 days the traps and entrapped 
arthropods were removed and wrapped in a clear plastic 
film for freezer storage. 

Arthropod Identification and Sorting 

We examined arthropods through the clear plastic film 
and identified to taxonomic order or class (Borror and 
White 1970). We used a micrometer to measure length, 
and placed each arthropod into 1 of 3 size categories: <3 
mm, 3-10 mm, and >10 mm. Because small arthropods 
( ~ 3  mm) were so numerous, we randomly sub-sampled 
3 10-cm segments on each trap for this size category. We 
divided the traps into numbered segments and used 
random number tables (n = 16) to select which segments 
to sample. All arthropod abundance data were converted 
to the number of arthropods per m2 of trap surface. For 
most taxa, representative arthropods were captured for 
each of the 3 size classes, dried to constant weight, and 
averaged for each taxon size class. The weight coeffi- 
cients were multiplied times the arthropod density 

Table 2. The effects of longleaf pine age on the density and biomass (mean + SD) of arthropod 
prey of red-cockaded woodpeckers on the Angelina National Forest, eastern Texas. 

Longleaf Pine Age 
Arthropod Variablesa 40-50 years old 60-70 years old 130-1 50 years old 
Breedinn Season (May-June) 

~o ta l -~ r t h ro~od   ensi it^ (no.lm2) 15443 (30604)" 181 01 (37216)" 171 56 (32977)" 
Total Arthropod Biomass (g/m2) 2.06 (1 .42)" 2.49 (1.48)"-' 2.98 (2.77)' 

Post-breeding Season (August) 
Total Arthropod Density (no.lm2) 7784 (1 1601)~ 10061 (1451 1 1" 9121 (13993)" 
Total Arthropod Biomass (glm2) 1.02 (0.76)" 1 . I3  (0.67)" 1.12 (0.60)" 

Winter (January) 
Total Arthropod Density (no.lm2) 1725 (2535f 1608 (2222$" 1455 (2181)" 
Total Arthropod Biomass (glm2) 0.45 (0.48) 0.74 (0.56) 0.51 (0.56) 

aTwo-way ANOVA with interaction (pine age * year) calculated for each season followed by 
Duncan's Multiple Range Test. Common letters across rows indicate non-significant differences at 
an alpha level of 0.05. Pine stands examined contained minimal or no hardwood midstory. 



values to estimate total biomass per m2 for trap sample. 
Only taxa eaten by red-cockaded woodpeckers (Hess 
and James 1998, Hanula and Engstrom 2000, Hanula et 
al. 2000a) were included in the biomass estimate; 
samples of Diplopoda (millipedes) were not included 
because of their noxious tasteltoxicity. 

Statistical Analyses 

We compared total arthropod density and total 
arthropod biomass between hardwood midstory treat- 
ments within each season with 2-way factorial analyses 
of variance (ANOVA, midstory condition x year) 
followed by Duncan's multiple range test (sample sizes 
across treatments were equal). A 2-way factorial 
ANOVA (pine age x year) within each season was also 
used to evaluate the effect of pine age on total arthropod 
density and total arthropod biomass. Data from all 40 
pines were used to evaluate the effect of trap height on 
total arthropod density and total arthropod biomass 
(ANOVA, trap height x year). The criterion for signifi- 
cance in all statistical tests was a = 0.05. 

RESULTS 

A diverse array of arthropod taxa was captured in the 
traps on the boles of longleaf pines at all heights and 
during all 3 seasons (Appendices 1,2,3). The arthropod 
sampling method was very successful and, because 
traps were left on pine boles for the same 7 days on all 
treatments, variation due to time of day and temperature 
and humidity fluctuation, should have been equal 
among treatments. Only 1 taxonomic order was 
excluded from calculation of total arthropod biomass 
(Diplopoda) because millipedes are known to be 
distasteful/toxic and are not mentioned as red-cockaded 
woodpecker prey in previous studies on diet (Hess and 

James 1998, Hanula and Engstrom 2000, Hanula et al. 
2000a). Removal of this taxon from biomass calcula- 
tions affected results only during the winter. During the 
winter of 1998, a large downward movement of milli- 
pedes from the canopy was detected in the traps 9 m 
above the ground, primarily in the 40-50-year-old 
pines. Removal of this taxon resulted in the 60-70-year- 
old age class having the greatest arthropod biomass 
during winter (Table 2). 

Pine age did not significantly affect total 
arthropod density on the lower boles of pines between 
the ages of 40 and 150 years during any of the 3 seasons 
examined (Table 2). Total arthropod biomass, however, 
was significantly higher in 60-70-year-old pines than in 
40-50- and 130-150-year-old pines during winter. 
During the breeding season, a period when adults are 
provisioning nestlings with food, total arthropod 
biomass increased as pine age increased and was signif- 
icantly higher in 130-150-year-old pines than in 
40-50-year-old pines (Table 2, Figure 1). When the 
40-50-year-old stand with hardwood midstory was 
excluded and only the 3 age classes with minimal 
hardwood midstory were examined, the increase of 
arthropod biomass with tree age during the breeding 
season coincided with a corresponding increase in 
monocots, herbaceous dicots, and vegetation density in 
the 0 to 1 m vegetation layer with tree age (Table 1). 
During the post-breeding season, total arthropod 
biomass was unaffected by increasing pine age (Table 
2). 

The presence or absence of hardwood midstory 
around 40-50-year-old pines had no significant effect 
on either total arthropod density or total arthropod 
biomass during any of the three seasons examined 
(Table 3). There was a tendency for arthropod biomass 
to be higher on pines where hardwood midstory was 

Table 3. The effect of hardwood midstory on the density and biomass (mean 5 SD) of arthropod 
prey of red-cockaded woodpeckers on 40-50 year-old longleaf pines on the Angelina National 
Forest, eastern Texas. 

Condition of Hardwood Midstory 
Arthropod Variablesa Hardwood Midstory Present Hardwood Midstory Absent 
Breeding Season 

Total Arthropod Density (no./m2) 1 1 993 (20 1 34)" 15443 (30604)" 
Total Arthropod Biomass (g/m2) 2.42 (1.43)" 2.06 (1.42)" 

Post-breeding Season 
Total Arthropod Density (no.lm2) 8439 (1 3756)" 7784 (1 1602)" 
Total Arthropod Biomass (g/m2) 1.03 (0.72)" 1 .O1 (0 .76 )~  

Winter 
Total Arthropod Density (no./m2) 1569 (2359" 1725 (2539" 
Total Arthropod Biomass (g/m2) 0.67 (0.76) 0.45 (0.48) 

'Two-wav ANOVA with interaction (midstorv condition * vearl calculated for each season followed - ,  
by ~uncan's Multiple Range Test. Common letters across rows indicate non-significant differences 
at an alpha level of 0.05. 



Breeding Post-Breeding Winter 

Season 

Figure 1. Mean arthropod biomass measured 
on the boles of three different age classes of 
longleaf pines during the red-cockaded 
woodpecker breeding and post-breeding 
seasons and winter on the Angelina National 
Forest in eastern Texas. 

Post-Breeding 

3 meters 6 meters 9 meters 

Height on Pine Bole 

Figure 2. Mean arthropod biomass measured at 
3, 6, and 9 m on the boles of longleaf pines 
during the red-cockaded woodpecker breeding 
and post-breeding seasons and winter on the 
Angelina National Forest in eastern Texas. 

more abundant, but this tendency was not significant. 
None of the stands we examined in the present study had 
a dense growth of hardwood mid- and understory as is 
often present in loblolly pine (Pinus taeda) stands (see 
Collins et al. 2002). 

Generally, both total arthropod density and total 

arthropod biomass were higher on the lower portion of 
the bole (3 m above the ground) than at 6 m or 9 m 
(Table 4, Figure 2). Only during winter was arthropod 
biomass at 9 m above the ground similar to biomass 
captured at 3 m above the ground. 

Season had a strong effect on both total 
arthropod density and total arthropod biomass. Both 
measures of arthropods (density and biomass) were 
highest during the woodpecker's breeding season, 
significantly lower during the post-breeding season, and 
lowest during winter (Table 5). 

DISCUSSION 

Arthropod biomass was likely a better index of prey for 
red-cockaded woodpeckers than total mean density. 
Total number of arthropods fluctuated widely 
throughout the study and was greatly affected by 
seasonal blooms of numerous, small arthropods, 
whereas biomass was primarily determined by large, 
less mobile arthropods. 

Our examination of arthropods on longleaf 
pines focused on the bole, which is the primary foraging 
location of the female red-cockaded woodpecker (Ligon 
1968, 1970; Ramey 1980; Skorupa 1979; Hooper and 
Lennartz 1981). The energy requirements of the female 
for egg production emphasize the importance of this 
aspect of foraging habitat, and Jackson and Parris 
(1995) suggest that the female is the first to suffer 
weight loss when foraging habitat is insufficient. Our 
observation that higher arthropod densities and biomass 
were detected at the lower sampling site on pine boles, 
an important region of the bole for foraging female red- 
cockaded woodpeckers, is consistent with previous 
research. Hanula and Franzreb (1998), Hess and James 
(1998), Collins et al. (2002), James et al. (2001), and 
Hanula and Horn (2004) concluded that a significant 
portion of arthropods on the boles of pines came from 
forest floor vegetation and woody detritus. 

Hooper (1996) and Hanula et al. (2000~) also 
examined arthropod biomass on pines to project their 
potential to provide food for red-cockaded wood- 
peckers. Our observations during winter closely 
matched those of Hooper (1996); both studies detected 
higher arthropod biomass in pines 60-70 years old than 
in the younger and older pines examined. 

We were able to study arthropods on pines in an 
older age class (130-150 years old) than either Hooper 
(1996) or Hanula et al. (2000a), and unlike the previous 
studies, we were also able to evaluate annual differences 



in the availability of arthropods because of the 2-y 
duration of our sampling. Hooper (1996) and Hanula et 
at. (2000a) suggested the possibility that arthropod 
biomass on pines does not increase beyond pines 70-80 
years in age. Although our study only evaluated 
multiple trees in 1 forest stand for each age class, we did 
observe highest arthropod biomass on the boles of 
130-150-year-old longleaf pines during the breeding 
season, suggesting the possibility of increased foraging 
benefit for red-cockaded woodpeckers from longleaf 
pines older than 120 years. 

The availability of arthropod prey during the 
breeding season is particularly important for the provi- 
sioning of nestlings. James et al. (1997, 2001) observed 
that red-cockaded woodpecker fitness (reproduction and 
group size) was positively related to the amount of 
herbaceous groundcover, low amounts of hardwood and 
pine midstory, and densities of large, old pines. Walters 
et al. (2002b) also observed that red-cockaded wood- 
pecker group size was positively related to the density 
of old-growth pines. Our detection of higher prey 
biomass on older-growth pines during the breeding 
season suggests that the presence of these old pines 'and 
their higher prey biomass may be important for red- 
cockaded woodpecker reproductive attainment and 
large group size. 

Even with the data provided by our study of 
130-150-year-old longleaf pines, we still do not know 

how increasing pine age will affect arthropod avail- 
ability. Longleaf pines can live in excess of 350 years 
with known ages beyond 500 years (Platt et al. 1988a). 
Thus, even the pines we examined had not attained half 
of their potential maximum age. 

Red-cockaded woodpeckers tend to avoid pine 
stands with hardwood midstory for nesting and roosting 
(Conner and Rudolph 1989, Loeb et al. 1992) and 
foraging habitat (Rudolph et al. 2002, Walters et al. 
2002b). We detected no differences in the numbers and 
biomass of arthropods in 40-50-year-old pine stands 
with and without hardwood midstory throughout the 
year. Thus, factors other than availability of prey may 
cause red-cockaded woodpeckers to favor pine stands 
with minimal hardwood midstory. 

We thank R. F. Billings, J. A. Neal, and J. R. Walters for 
constructive comments on an early draft of the manu- 
script. Research on the red-cockaded woodpecker was 
done under U.S. Fish and Wildlife Service federal 
permit TE832201-0 to Richard N. Conner. The use of 
trade, equipment, or firm names in this publication is for 
reader information only and does not imply endorse- 
ment by the U.S. Department of Agriculture of any 
product or service. 

Table 4. Density and biomass (mean 2 SD) of arthropod prey of red-cockaded woodpeckers 
relative to height on the bole of longleaf pines on the Angelina National Forest, eastern Texas. 

Height on Longleaf Pine Boles 
Arthropod Variablesa 3 m above ground 6 m above ground 9 m above ground 
Breeding Season 

Total Arthropod Density (no.lmz) 27764 (2681 31A 1 1365 (1 0842)' 9243 (601 12' 
Total Arthropod Biomass (g/m2) 3.26 (2.00)~ 1.89 (0.88)' 2.53 (0.98) 

Post-breeding Season 
Total Arthropod Density (no./mz) 12538 ( 5 2 ~ 9 ) ~  7532 (3444~' 6641 (3664dB 
Total Arthropod Biomass (glmz) 1.43 (0.63)~ 0.80 (0.38) 1 .O1 (0.55) 

Winter 
Total Arthropod Densitv (no./m2) 2276 (817)~ 1354 (670)' 1 138 (621 jc 
Total ~rthropod ~ iomass  (glmz)' 0.68 (0.44jA 0.39 (6.38jB 0.72 (0.62jA 

aTwo-way ANOVA with interaction (bole height * year) calculated for each season followed by 
Duncan's Multiple Range Test. Common letters across rows indicate non-significant differences at 
an alpha level of 0.05. 

Table 5. The effects of season on the density and biomass (mean 2 SO) of arthropod prey of red- 
cockaded woodpeckers on the boles of longleaf pines on the Angelina National Forest, eastern 
Texas. 

common letters across rows indicate non-significant differences at an alpha level of 035. 
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